Background: Hepatitis B is still an issue after blood transfusion. A reason could be the window period of hepatitis B infection in blood donors. In countries such as Iran hepatitis B surface antigen enzyme-linked immunosorbent assay (ELISA) is the only test to detect the virus in blood donors. This procedure may miss the window period of hepatitis B infected donors. Objectives: The current study aimed to look for hepatitis B core antibody immunoglobulin M in blood samples of Iranian donors with a history of hepatitis B virus infection to detect window period infection. Materials and Methods: Eighty serum samples with hepatitis B core antibody were collected from 1000 healthy blood donors, forty of them had been positive for hepatitis B virus DNA in authors' previous study and were diagnosed as occult hepatitis B infection. All 80 samples were tested for hepatitis B core immunoglobulin M. Results: One thousand blood samples were collected from 64 (6.4%) female and 936 (93.6%) male subjects. None of the blood samples contained hepatitis B core immunoglobulin M. The study found no significant differences between male and female subjects in term of HBcAb positivity. Conclusions: Hepatitis B core antibody immunoglobulin M positivity is different in healthy blood donors of different countries according to the prevalence of chronic hepatitis B and its vaccination. Based on the current study findings, all positive samples of hepatitis B core antibody in Iranian blood banks should be considered as candidates for occult hepatitis B not just the window period infected samples.
Background
Hepatitis B is still an issue after blood transfusion. Regardless of all efforts to guarantee blood safety, the highest risk is among transfusion-transmitted diseases, accounting for 1 per 63,000 transfused units (1) . Thus, the risk of its virus infection through blood transfusion cannot be totally reduced by blood bank donor screening (2) .
This occurrence is important because of two reasons. The first one is presence of occult hepatitis B infection in some blood donors. Basically, occult hepatitis B infection refers to the presence of hepatitis B virus DNA in the serum of people without hepatitis B surface antigen (HBsAg) but with serological markers of previous infections such as hepatitis B core antibody (HBcAb) (3) . Therefore when using enzyme-linked immunosorbent assay (ELISA), there is still a potential risk of transmission of hepatitis B virus infection in the occult phase of hepatitis B by blood transfusion.
The second reason is the window period of hepatitis B infection. After hepatitis B virus infection, the first serological marker to appear in the blood is the hepatitis B virus DNA, followed by HBsAg, the DNA polymerase and the hepatitis B envelope antigen (HBeAg). Afterwards, the antibodies to the hepatitis B core antigen, HBeAg and HBsAg can be detected. Screening the donated blood for HBsAg with ELISA test is a common method to detect hepatitis B infection. However, it does not totally rule out the risk of hepatitis B transmission. This is because during the host's serological response to infection, there is a phase during which the HBsAg cannot be detected in the blood, although hepatitis B infection is present. This phase is called the window period (4) . It represents a carrier state of the disease. Therefore, there is a definite risk of transmitting hepatitis B to blood recipients. During the window period, detecting the antibody of hepatitis B core antigen is a useful serological marker for hepatitis B infection.
The immunoglobulin M (IgM) of the hepatitis B core antigen is the first to appear and indicates a recent infec-tion. The immunoglobulin G (IgG) of hepatitis B core antigen appears later during the infection and shows a previous hepatitis B virus infection. People with IgG of hepatitis B core antigen may not be contaminated as they may have sufficiently high titers of antibodies for HBsAg, which are protective in nature. The affected people may actually be disease free (5) .
According to some studies, HBsAg tests are not sufficient to detect hepatitis B virus infection in the blood supply (6) (7) (8) (9) . Thus, finding a marker for hepatitis B infection during the window period is important in blood banks, especially in low income countries in which DNA testing of all collected blood units is not feasible (10) .
Based on the population proportion that is seropositive for HBsAg, the global epidemiology of hepatitis B virus infection is described in three categories of endemicity, i.e, high, intermediate, and low (11) . With a 3% prevalence of HBsAg, Iran was an intermediate endemic country of hepatitis B virus infection. Nowadays, with the adoption of routine hepatitis B virus neonatal vaccination since 1993, hepatitis B virus endemicity has decreased to 1.7% (12) . In a study in Tehran, 2447 HBsAg positive blood donors were compared with 2425 HBsAg negative donors. A major predicting factor of hepatitis B virus infection in that study was a history of receiving blood transfusion (13) . Therefore, HBcAb IgM ELISA tests can be used to detect acute hepatitis B virus infection among blood donors.
Objectives
The current study aimed to determine the presence of HBcAb IgM in Iranian blood donors with HBcAb total who had donated blood to Tehran blood transfusion center in 2011. Also, it sought for a marker which would indicate hepatitis B infection during its window period.
Materials and Methods
Eighty serum samples were obtained from a thousand apparently healthy blood donors from Tehran blood transfusion center offices, forty serum samples were positive for hepatitis B virus DNA in authors' previous study (14) . The inclusion criteria were not having HBsAg, hepatitis C virus and HIV antibodies in ELISA tests. Having HBcAb (total antibody), as an indicator of hepatitis B virus infection was another inclusion criterion.
ELISA Test
Hepatitis B core IgM was tested by ELISA kit (Diapro Diagnotic Bioprobes Milano, Italy). The kit was stored at room temperature. It included diluted samples, washing buffer, control serum, six calibrators, substrate and sulfuric acid. In the first phase, according to the manufacturer's instruction, 100 µL of calibrators, control serum and samples were added to the wells. The plates were incubated at 37°C for 60 minutes. They were washed with buffer five times with 30 seconds soaking between each washing. In the second phase 100 µL substrate was added to the wells and they were incubated at 37°C for 60 minutes and then washed again. In the third phase they were put in room temperature for 20 minutes. Finally, 100 µL of sulfuric acid was added to the wells. After this phase, positive samples were supposed to be blue while the negative ones were colorless. The results were read in 450 nm optical density.
Statistical Analysis
Data were analyzed by the statistical package for social sciences (SPSS) software version 16. Categorized variables were analyzed by Chi-square or Fisher exact tests as needed. Numerical variables were analyzed by independent sample T-test. P value less than 0.05 was considered significant.
Results
Based on authors' previous report (14) , 1000 blood samples were collected from 64 (6.4%) female and 936 (93.6%) male subjects. The mean age of the subjects was 37.7 ± 10.5 years old. Donation frequency was 1 -92 times (mean of 5.67 times). No positive case of HBcAb IgM was detected. This meant that all HBcAb positive cases were HBcAb IgG positive and none of the blood donors were in the window period of hepatitis B virus infection. The study found no significant differences between male and female subjects in terms of HBcAb positivity.
Discussion
In blood banks of many countries, HBsAg ELISA test is the only way to detect bloods infected with hepatitis B virus. However, it is shown that HBcAb and nucleic acid tests are more effective to detect hepatitis B virus infection in blood donors. Since nucleic acid tests are expensive, it seems that HBcAb can be used for more effective diagnosis. This is because hepatitis B is more frequent after blood transfusion with HBcAb than without it. One possibility is that transfusion of blood collected from a donor in the window period may lead to post-transfusion of hepatitis B in the recipient (15, 16) . However, other findings verify that testing blood donors for HBsAg alone is not sufficient to eliminate hepatitis B virus from a blood supply (10) .
HBcAb positivity shows a history of hepatitis B virus infection. A national study in Iran estimated that 35% of the 16 .4%. However, in spite of nationwide vaccination of newborns against hepatitis B virus since 1992 in Iran, hepatitis B virus infection remains a very common cause of chronic liver disease which should be dealt with for at least the next 30 -50 years (18) .
All of the study samples were positive for HBcAb total and none had HBcAb IgM as the only serological evidence of hepatitis B virus acute infection. HBcAb positivity among blood donors is reported by other research groups. In a study in Pakistan, HBcAb prevalence in blood donors without HBsAg and hepatitis B virus DNA was 167 out of 966 (17.28%). It shows that more than 17% of healthy, young blood donors are already exposed to hepatitis B virus (19) . Therefore, high prevalence of hepatitis B virus infection among blood donors is an important challenge to discard HBcAb positive blood samples in the developing countries. The results are higher than the previous Egyptian studies which reported 10.96% and 7.8% prevalence of HBcAb (20, 21) .
Hepatitis B core antigen IgG may remain positive for a lifetime in an affected individual, although the individual has protective levels of HBsAb. Therefore, it does not necessarily mean that blood of such donors is contaminated. HBcAb IgM is a more specific marker for hepatitis B virus infection during the window period (7, 22) . In a study in India, 704 blood samples were screened for HBcAb. A total of 11 (0.43%) blood units were reactive for HBcAb IgM (5) .
In a study in Nigeria, HBsAg and its antibody were detected in 18 (19.6%) and 14 (15.2%) of 92 blood donors, respectively. Hepatitis B core antigen IgM was found in 12 (13.0%) of 92 blood donors, while HBeAg and its antibody were detected in 4 (8.9%) and 12 (26.7%) of 45 samples, respectively. Five (5.4%) of 92 donors had hepatitis B core antigen IgM as the only serological evidence of hepatitis B virus infection. The researchers suggested using HBcAb IgM in routine screening of blood donors in Nigeria (10) .
There is higher prevalence in other countries such as 13.5% in Korea, 15.03% in Greece, 16 .4% in Saudi Arabia and 76% in Ghana (23) (24) (25) . All of these results are comparable to the previous reports of countries with lower prevalence, including 0.56% in the United Kingdom, 0.84% in the United States, 1.4% in Germany and 4.85% in Italy (26) (27) (28) . Screening bloods for HBcAb total is practical in the western countries because they have low incidence of HBsAg and HBcAb. Therefore, the HBcAb total positive blood units can be discarded from blood banks. This may not be practical in crowded countries in which the incidence of HBcAb total is high in the population.
In a study in Egypt, 3.8% of 7340 blood units had HBcAb IgM (29) . Four of the HBcAb positive samples were also positive for HBsAb. Therefore, researchers suggested that HBcAb and hepatitis B virus DNA should be tested routinely in blood donors. If they were positive regardless of HBsAb titer, the blood should be discarded to reach a completely safe blood transfusion (29) . However, factors such as prevalence of hepatitis B virus in different regions, sensitivity and laboratory test costs should be considered (29) . According to the authors' previous study, findings of HBsAb and hepatitis B virus DNA with vaccine-escaped mutations among occult hepatitis B infected patients may present a new challenge for this protocol.
Conclusions
HBcAb IgM positivity is different in healthy blood donors of different countries. A reason might be the different prevalence of hepatitis B virus chronic infection in the world. On the other hand, HBcAb is an indicator of past hepatitis B virus infection which differs in different populations based on hepatitis B virus vaccination.
None of the healthy blood donors in the current study had HBcAb IgM. All positive samples of HBcAb in Iranian blood banks should be considered as candidates for occult hepatitis B not just the window period infected samples. However, a larger sample size should be considered to achieve better conclusions.
